New insights into the self-assembly of insulin amyloid fibrils: an H-D exchange FT-IR study.
The solvent protection of the amide backbone in bovine insulin fibrils was studied by FT-IR spectroscopy. In the mature fibrils, approximately 85 +/- 2% of amide protons are protected. Of those "trapped" protons, a further 25 +/- 2 or 35 +/- 2% is H-D exchanged after incubation for 1 h at 1 GPa and 25 degrees C or 0.1 MPa and 100 degrees C, respectively. In contrast to the native or unfolded protein, fibrils do not H-D exchange upon incubation at 65 degrees C. A complete deuteration of H(2)O-grown fibrils occurs when the beta-sheet structure is reassembled in a 75 wt % DMSO/D(2)O solution. Our findings suggest a densely packed environment around the amide protons involved in the intermolecular beta-sheet motive. In disagreement with the concept of "amyloid fibers as water-filled nanotubes" [Perutz, M. F., et al. (2002) Proc. Natl. Acad. Sci. U.S.A. 99, 5591-5595], elution of D(2)O-grown fibrils with H(2)O is complete, which is reflected by the vanishing of D(2)O bending vibrations at 1214 cm(-)(1). This implies the absence of "trapped water" within insulin fibrils. The rigid conformations of the native and fibrillar insulin contrast with transient intermediate states docking at the fibrils' ends. Room-temperature seeding is accompanied by an accelerated H-D exchange in insulin molecules in the act of docking and integrating with the seeds, proving that the profound structural disruption is the sine qua non of forming an aggregation-competent conformation.